current practice favors minimally invasive approaches compared to extensive open operative approaches. [1] [2] [3] 5, 7, 29, 30, 33, 34 In a similar vein, we have also previously compared open to endoscopic plantar fasciotomy within our institution and found an endoscopic approach to be associated with better short-term outcome. 7 More recently, radiofrequency microtenotomy has been increasingly used as a treatment option. Radiofrequency microtenotomy works on the basis that plantar fasciitis is caused by chronic degeneration rather than inflammation, in a process similar to tendinosis, and radiofrequency microtenotomy improves healing by promoting angiogenesis. This technique was first introduced in cardiology as an adjunct to improve neovascularization in the ischemic myocardium and has since been adopted in the treatment of plantar fasciitis with good results. 8, [11] [12] [13] 16, 17, [21] [22] [23] [24] 28, 35, 38 We have previously reported better treatment outcomes in open radiofrequency microtenotomy compared to a percutaneous approach. 28 Hence, in this study, we compared the treatment outcomes of endoscopic plantar fasciotomy with open radiofrequency microtenotomy.
Methods
This study was approved by our institutional review board. All patients treated for recalcitrant plantar fasciitis from 2007 to 2015 were included in the study. These patients had failed at least 6 months of conservative treatment. Patients with BMI more than 35 kg/m 2 , incomplete data set, or other foot and ankle pathologies were excluded. Demographic data and clinicopathological characteristics were prospectively collected.
Fifty-eight patients underwent either endoscopic plantar fasciotomy or open radiofrequency microtenotomy for chronic recalcitrant plantar fasciitis at our institution from 2007 to 2015. Of these patients, only 34 were included in the study as they had completed 1 year of follow-up and had a complete data set. Fourteen patients with more than 1 foot and ankle pathology were excluded as these were potential confounders. Nine patients missed at least 1 follow-up appointment, resulting in missing data. One patient was excluded for high BMI, which was also deemed as a potential confounder in postoperative recovery and outcomes. 6, 10, 36 There were more females (n = 23, 67.6%) than males (n = 11, 32.3%) with a median age of 47 years. Twelve of these patients underwent endoscopic plantar fasciotomy and 22 underwent open radiofrequency microtenotomy. There were a total of 14 right (41.2%) and 15 left feet (44.1%). Five (14.7%) patients underwent procedures for bilateral feet at the same setting. The mean age was 49 years in both groups. There was also no difference in BMI (24.8 kg/m 2 in endoscopic plantar fasciotomy and 26.7 kg/ m 2 in open radiofrequency microtenotomy; P = .706) and in duration of symptoms (19 months in endoscopic plantar fasciotomy and 18 months in open radiofrequency microtenotomy, P = .605). Demographic and clinicopathological characteristics are summarized in Table 1 .
While the patients were retrospectively reviewed in the study, it was our institutional practice that patients be routinely evaluated and interviewed at consideration of surgery and 3, 6, and 12 months postoperatively using the American Orthopaedic Foot & Ankle Society (AOFAS) hindfoot score and Medical Outcomes Short Form 36-item (SF-36) Health Survey. The AOFAS hindfoot score is a clinician-based score that measures the outcomes based on 4 anatomic regions of the foot. 4, 14 The AOFAS scoring system was chosen in this study to complement the patient-reported outcome instrument SF-36. While it is not a validated scoring system, it is one of the widely used outcome instruments of foot and ankle surgery. SF-36 is a 36-item questionnaire that assesses the main aspects of patient health: physical functioning (SFPF), role functioning-physical (SFRP), bodily pain (SFBP), general health (SFGH), vitality (SFVI), social functioning (SFSF), role functioning-social (SFRE), and mental health (SFMH). The patients were also asked 2 questions adapted from the North American Spine Society low back pain instrument to assess their satisfaction and expectations postoperatively. The question asked if expectation was met for surgery (EXP) ("Has the surgery for your foot/ankle condition met your expectation so far?"), and scores were rated on a scale of 1 to 7, with 1 being the best and 7 being the worst. The patients were also asked, "How would you rate the overall results of the surgery for your foot/ankle condition?" which was rated on a scale of 1 to 6, with 1 being the best and 6 being the worst (SAT).
Operative Intervention
As there are no current guidelines or clear evidence comparing endoscopic plantar fasciotomy and open radiofrequency microtenotomy, the type of operative intervention was chosen based on patient and surgeon choice and after extensive discussion with patients regarding the various treatment options. Patients were told to expect 2 small incisions if undergoing endoscopic plantar fasciotomy or 1 longer incision, around 3 cm, if undergoing open radiofrequency microtenotomy. However, we did not expect any difference in postoperative recovery, and in both cases, patients were counseled for a 10% to 15% risk for persistent heel pain. For both procedures, patients were counseled to expect a 2-day hospitalization stay and postoperatively to expect nonweightbearing status for 2 weeks. All surgeons were trained in both operative methods. The preoperative evaluation and management of patients were similar between both groups. Both procedures were carried out under general or regional anesthesia. Preoperatively, the patient was asked to identify the most painful part of his or her foot, and the area was marked with a skin marker. The details of endoscopic plantar fasciotomy and open radiofrequency microtenotomy have been previously described by other authors. 2, 7 The procedures are briefly described below.
Endoscopic Plantar Fasciotomy
A stab incision was made over the medial glabrous junction. After insertion of a slotted cannula, an endoscope was inserted to obtain visualization of the plantar fascia. A transverse incision through the medial one-third of the plantar fascia was performed through the cannula. After confirmation of the release clinically, the wound was irrigated and closed.
Open Radiofrequency Microtenotomy
A longitudinal incision about 3 cm was made over the most tender part of the foot and tissues were dissected down to the plantar fascia. The TOPAZ tip was then placed onto the fascia and microdebridements performed in a grid-like fashion over the symptomatic part of the fascia. After debridement, the wound was irrigated and closed in layers.
Postprocedure Protocol
Most of our patients were discharged after 1 day of observation. They were kept nonweightbearing for 2 weeks and were subsequently followed up at our clinics 2 weeks postoperatively to assess for immediate postoperative recovery and complications. Most patients also had their stitches removed at 2 weeks and commenced weightbearing then. Thereafter, patients were reviewed at 3 months, 6 months, and a year after surgery to assess for improvement in pain and function.
Statistical Methods
This was a retrospective study, and hence, prestudy sample size calculation was not performed. Student t test, MannWhitney test, χ 2 test, and Fisher exact tests were used in the statistical analyses of the variables. All statistical analyses were performed using SPSS version 21 (SPSS, Inc, an IBM Company, Chicago, IL), and P ≤ .05 was considered significant.
Results

Outcomes
There were no differences in preoperative AOFAS hindfoot and SF-36 scores between both treatment groups. We noted improvements in all functional scores, including the overall AOFAS Ankle-Hindfoot score (HINDTOT), AOFAS visual analog scale pain score (HINDVAS), and SF-36 scores postoperatively (P < .05). EXP and SAT scores were only evaluated postoperatively. Results are summarized in Table 2 . However, patients who had endoscopic plantar fasciotomy fared better at 3 months compared to patients who underwent open microtenotomy (Figures 1 and 2) . Although all scores were better in the endoscopic plantar fasciotomy group, only the differences in the visual analog score component of the AOFAS hindfoot score (HINDVAS) and the social functioning and role-functioning-emotional reached statistical significance (HINDVAS, 0.9 vs 3.3, P = .027; SFSF, 92.5 vs 71.3, P = .03; and SFRE, 93.3 vs 80.4, P = .03, respectively). At 6 months and 1 year postoperatively, the scores between both treatment groups were similar, suggesting equivalent long-term outcomes.
Complications
There were no 30-day postoperative complications reported in either group. There was also no difference in complication rates between both treatment arms. In the open radiofrequency microtenotomy group, there were 2 patients (9.1%) who had persistent pain postoperatively. In the endoscopic plantar fasciotomy group, 1 (8.3%) patient had recurrence of pain at 6 months while 2 (16.7%) had recurrence at 1 year. In the open radiofrequency microtenotomy group, 3 (13.6%) patients had recurrence of pain at 6 months and another 3 (13.6%) experienced recurrence at 1 year. These results are summarized in Table 3 .
Discussion
Although it is usually a self-limiting process, in certain individuals, plantar fasciitis can be chronic and debilitating.
Operative intervention may be recommended in patients who have failed conservative treatment. Our department has previously compared open to endoscopic plantar fasciotomy and found endoscopic plantar fasciotomy to be associated with earlier recovery. 7 We then compared radiofrequency microtenotomy to plantar fasciotomy and found them to have similar outcomes. 8 Last, we also compared open to percutaneous radiofrequency microtenotomy and found the open approach to be superior. 28 Here, we compare treatment outcomes between endoscopic plantar fasciotomy to open radiofrequency microtenotomy. We found comparable functional outcomes in our study to those reported in the literature. In our radiofrequency microtenotomy group, the average postoperative AOFAS score was 92 at 1-year follow-up, which was similar to other studies (range, 59.6-88.1), while in the endoscopic plantar fasciotomy group, our average AOFAS score at 1 year postoperatively was 88.3, comparable to the range of 88 to 93 reported in other studies. 1, 12, 24, 31, 35 In our study, we have found endoscopic plantar fasciotomy to be associated with better functional outcomes and an improved pain score at the 3-month follow-up, although the outcomes at 1 year postoperatively were similar. This suggests an earlier functional recovery but similar longterm outcomes. We postulate that the earlier functional recovery could be due to the minimally invasive approach in endoscopic plantar fasciotomy. Early postoperative pain relief could be attributed to the smaller incisions and hence a faster recovery time. Other authors have also reported that although there was early postoperative pain relief, a delayed period of up to 4 to 6 months for maximal improvement was also observed in patients who have undergone radiofrequency microtenotomy. 24, 35 Tasto et al 26, 27 also showed radiological healing of tendinosis between 6 and 12 months when using microtenotomy as a treatment for tendinosis. This was not dissimilar to our results where patients continued to report better functional outcomes up to 1 year postoperatively in the radiofrequency microtenotomy group compared to the endoscopic plantar fasciotomy group where the maximal improvement was seen at 3 months postoperatively (Figures 1 and 2) .
This finding could be explained by the proposed model of healing conferred by radiofrequency microtenotomy. One model of healing proposed is the increase in vascular endothelial growth factor, which would lead to angiogenesis, neovascularization, and collagen remodeling. 11, 13, 38 Takahashi et al 25 showed that radiofrequency decreased the number of nerve fibers during the first 2 weeks after treatment, and Ochiai et al 18 showed that this nerve degeneration occurred until 60 days and then started to show signs of regeneration at 90 days posttreatment. This could explain the slight improvement in the early postoperative period and a sustained improvement in the longer term in our patients who received open radiofrequency microtenotomy. Studies with longer follow-up are needed to assess if the improvement would continue to be observed even after 1 year in this group of patients. There are limitations to this study. First, this is a retrospective review of prospectively collected data, and with it comes its inherent biases. Second, we have excluded patients without a full data set, and this included patients who missed or delayed their follow-ups. This could lead to a selection bias toward a group of patients who were more motivated or more able to attend clinic appointments. Third, the study is underpowered with a small sample size and a modest follow-up period of 1 year. This increases the possibility of a type II error. Last, selection of procedure was left up to patient and surgeon preference. While all treatment options were discussed extensively with the patients and there was no difference noted in the baseline demographics, clinical factors, and outcome measures between both groups, there were a disproportionate number of patients in each intervention group and there could be an inevitable selection bias. Hence, care must be taken when interpreting the data and extrapolating them to clinical practice.
In conclusion, we found that endoscopic plantar fasciotomy was associated with statistically significant improvements in postoperative outcome measures early in the recovery period at 3 months postoperatively compared with open radiofrequency microtenotomy, with equivalent 1-year outcomes. This would be useful in helping surgeons understand the expected recovery during the postoperative period and also to counsel patients preoperatively. Larger randomized controlled trials with longer follow-up would be required before we can make a definitive statement on the postoperative outcomes of endoscopic plantar fasciotomy and open radiofrequency microtenotomy.
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